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I. Introduction

The present semi-annual report represents a summary of
the work performed during the latter part of the contract year,
November 1, 1964, to April 30, 1965. Major effort was directed,
during the last six months, to improving the analytical tech-
niques for the determination of the five major elements that
might be measured on the lunar surface using 14 Mev neutron
activation techniques with emphasis on the upper and lower 1li-
mits of measurement. Other areas of related work some of which
are in progress are also described in this report.

Although several authors including Prof. Urey have sug-
gested that the chemical composition of lunar surface material
may be similar to that of chondritic meteorites, recent ranger
shots that revealed close-up pictures of the moon have led
many scientists to ponder whether it may have an entirely dif-
ferent composition. It is hard to prove or disprove entirely
any hypothesis concerning the nature of the lunar surface un-
less an actual analysis is carried out; but the analyst should
be prepared to analyze any kind of material his instruments
may have access to. It is therefore important to determine

how small a quantity of various elements can be measured in
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any matrix using the present techniques and what type of inter=-
ference one can expect from other expected major components of
the sample. For a specified volume or mass of the material to
be analyzed there is also an upper limit of measurement of a
particular element under a pre-chosen set of conditions due to
such factors as the dead time loss encountered in the analyzer
and this also has to be investigated before optimizing the pro-
cedural steps. Answers to the above questions were sought by
analyzing "simulated moon matrix" samples with four of the five
major elements fixed and different proportions of the fifth
using pre-defined parameters for activation and counting. This
work has been described in detail in Chapter II.

Development of a dual crystal NaI(Tl) - CsI(Tl) scintil-
lation detector, in our laboratory, for the reduction of Compton
contribution in gamma~ray spectrometry has been reported in
the previous semi-annual report. The principle of operation
of this detector system is essentially based on the reduction
of the rise and decay times of the photomultiplier output pulse
produced by a Compton interaction with the Nal crystal by the
addition of another light pulse resulting from the interaction

of the same Compton scattered gamma with the CsI crystal. This
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detector system has been used extensively to test and evaluate
the degree of the Compton reduction that may be achieved in
gamma-~ray spectrometry. The limitations of the presently used
system and the modifications that are necessary to get better
results have been summarized in Chapter III.

it has been an important objective of this Laboratory in
the past to seek or design systems which produce the best re-
sults from the analysis, for the five major elements, of any
geological material with minimum restrictions. It was thought
that coupling five single channel analyzers with a detector
and choosing the proper window width for the principal gamma-
ray peaks of these elements may help to perform the analysis
in a minimum amount of time with simplified equipment. If the
laboratory experiments prove to be successful such a system,
which is expected to be lighter than the multichannel analyzer,
might be recommended for substitution for the latter in future
probe. Preliminary work performed so far along these lines
is reported in Chapter IV.

All the samples so far analyzed by 14 Mev neutron activa-
tion techniques are terrestrial samples. It was felt desirable
to apply similar techniques for the analysis of an extra-terres-

trial sample, meteorites for instance, which may be quite



gimilar in composition to lunar surface material. Although much
work has been done to measure the abundances of most of the con-
stituents of the chondritic meteorites the majority of the anal-
yses for the major elements were performed using conventional
gravimetric methods. Activation analytical techniques which
might give better results on the abundances of these elements are
now being employed to measure the concentrations in chondritic
meteorites and also in two terrestrial samples, siderolite and
tektite. Preliminary work on the measurement of these elements
in the above samples together with a method for measuring the
individual activities of Mn®® and M927, both of which have vir-
tually identical gamma-ray peaks, are described in the last

chapter.
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II. Tolerance Levels of Interference from one Element to the

Other in 14 Mev Neutron Activation Analysis of Simulated
Moon Matrix - by M. Y. Cuypers, Ph.D.

Introduction: A lunar surface composition similar to that
of chondritic meteorites or igneous rocks has been suggested by
several authors (Urey, 1960; Fite.et al, 1962). The major com-
ponents of these rocks, which seem to be feasible for analysis
by 14 Mev neutron activation technique are oxygen, iron, alu-
minum, silicon and magnesium, Other major components, such as,
carbon, calcium, sulphur, titanium and nickel do not have good
nuclear characteristics to be analyzed with this technique.
Sodium and potassium will produce radioisotopes whose gamma-
ray spectra are completely overlaped by those due to the first
five elements.

The study of the feasibility of the analysis of oxygen,
iron, aluminum, silicon and magnesium has been completed and
described previously (Fite et al, 1964)., Considering the pos-
sibility that the lunar surface may contain these five major
elements but in different ratios than were observed in stone
meteorites or igneous rocks, it was felt worthwhile to inves-

tigate the upper and lower limits of measurement of the above
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elements. In this study, answers to two specific questions
were sought:

a) What is the minimum detectable concentration for each
of the five elements in the presence of a normal moon matrix?

A "normal moon matrix" will be defined later.

b) What is the upper tolerance limit for each major ele-
ment present in a simulated moon matrix?

Because this general study is especially concerned with
the déad time of the analyzer and also the shape of the gamma-
ray spectrum obtained after activation of a mixture with 14
Mev neutrons, and that the size of the sample has no major in-
fluence on the answers for the two previous questions, this
experimental work was done with a Cockcroft-Walton accelerator
using 1 g samples.

Experimental Procedure: A "simulated moon matrix" was de-
fined as a mixture of the oxides of iron, silicon, aluminum and
magnesium in a proportion that corresponds to an average per-
cent of each of these elements in igneous rocks or meteorites.
Each oxide has been dried carefully in the oven. Table I shows
the proposed lowest and highest per cent abundance for each of
the five major components and in the last column the average

value. A mixture containing Mg, Si, O, Al and Fe in a proportion
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defined by this average value, was used, in these experiments
as a simulated moon matrix.

To answer the first question as to what the minimum de-
tectable concentration is for an element in a normal moon matrix
and the second question, how much of one element is needed to
make the analysis of another element impossible, a mixture con-
taining four out of the five elements was prepared. These four
elements were mixed in a proportion of the simulated moon ma-
trix. In most cases 200 mg of these mixtures was taken and
mixed with different amounts of the fifth element going from a
very low amount, hardly detectable, to a very high, where it
may possibly interfere with the determination of the other four
elements. All the samples were packed in polyethylene vials,

The sample containing the mixtures of different composi-
tions is transferred by a pneumatic system to the irradiation
position. After an irradiation time of 5 minutes, the samples
are counted several times, with a waiting time depending on
the type of the mixture considered. The transfer time for the
samples was 3 seconds and the flux of 14 Mev neutrons used was

about 108 n/sec-cm?.
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Results: Four different sets of mixtures of oxides of Al,
Fe, Mg and Si were prepared. In each set the concentration of
one of the components was varied, while keeping the other ele-
ments in the same ratio as was chosen for the simulated moon
matrix,

In each mixture K2CO3 was added, because potassium is one
of the major elements that could be present. The precise de-
termination of this element seems to us to be difficult, be-
cause of the many interferences. The K38 formed by kK39 (n,2n)k38
reaction emits positrons, whose annihilation produces two .51
Mev gamma rays. Many other elements such as, bromine, copper,
chlorine, etc., on reaction with 14 Mev neutrons also produce
positron emitters; therfore, the interferences are multiple.

Mixture I: Each sample of these mixtures is composed of
the five elements including potassium with the following pro-
portions by weight:

24.7 mg of Mg
56 mg of Si
6.7 mg of K
18.6 mg of Fe
87.6 mg of O,y

The amount of Al added was variable. Except for potassium,

oxides were used to make the mixtures.
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a) Measurement of Silicon: The determination of the si-
licon, by the A128 jctivity, shows a reproducibility within 6%.
Table II shows the number of counts per mg of silicon obtained
under the photopeak of 1.78 Mev.

b) Measurement of Aluminum: The determination of Al by
the gamma peak coming from Mg27 is given in Figure 1. This
calibration curve shows that aluminum can easily be determined
in a matrix with the above composition. When the concentration
of Al starts to be low, the activity due to Mn56 make the anal-
ysis less precise. The curve is not linear anymore under our
experimental conditions when Al/Fe ratio in the mixture is 5 1/3.
This gives our detection limit for the determination of alumi-
num,

The results from the measurement of Fe content of this
mixture, using the .84 Mev gamma ray coming from Mn36 are shown
in Table III.

The waiting time was 80 minutes after the end of the ir-
radiation. The reproducibility (difference between the mean
value and the upper and lower values) is in this case, within
6%.

In this case where 105.7 mg of Al was present, 10% of the
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activity after 80 minutes waiting time was still due to the Mg27
activity. But in this case the Al/Fe ratio is 5.5. In a simu-
lated moon matrix the ratio of Al/Fe is 0.7 and then the acti-
vity due to Mg27 is not higher than about 2% that of Mn56, The
Na24 activity coming from Mg and Al was not high enough to be
calculated precisely.

Mixture IXI: Each sample of these mixtures is composed of
the five elements including potassium with the following pro-
portions by weight:

47.2 mg of Mg
26.4 mg of Al
35 mg of Fe

12.9 mg of K
76.2 mg of Oy

The amount of Si02 added was variable.

a) Measurement of Silicon: The A128 activity due to si-
licon has been measured. Figure 2 shows the calibration curve
of silicon in this particular mixture. The lowest limit of
sensitivity for silicon in this mixture is about 1 mg. This
is .5% of Si in the 200 mg mixture. Figure 3 shows a typical
gamma-ray spectrum of this mixture containing .98 mg of sili=-
con. Silicon was not added in lower amounts than 0.98 mg, be-

cause the homogeneity was not good. Also when lower amounts

of silicon are present, we can suspect a relatively higher
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contribution in this energy region coming from the 1.81 Mev
gamma ray of Mn>6 produced by the Fe56(n,p)Mn56 reaction. The
upper limit for the silicon concentration was drastically re-
duced by the fact that the dead time in the analyzer became
too high to have significant counting losses when too much si-
licon was added. When 140 mg of silicon was present this fac-
tor influenced the quantitative results considerably. For 110
mg of silicon, which is the quantity present in the simulated
moon matrix, however, the activity due to A128 has disappeared
after 20 minutes waiting time.

b) Measurement of Aluminum: The photopeak counts for the
.84 Mev gamma ray due to Mn36 and Mg27 in this mixture, after
1l minute waiting time stays constant within 15%. Table IV
shows the results of the .84 Mev activity as a function of the
mass of silicon present and percent dead time in the analyzer.
If 0-20% dead time is used for the analyzer, the reproduci-
bility is within 7%.

Figure 4(a) shows a spectrum where only 100 mg of mixture
has been used, instead of 200 mg. The .84 Mev gamma-ray acti-
vity is too low to be estimated precisely. However, after 11

minutes waiting time qsee Figure 4(b) ] this activity can be
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easily estimated. The Na24 sctivity due to Mg and Al has not
been measured in this mixture, but the different masses of si-
licon should not vary this activity because, a waiting time of
30 minutes is always allowed before counting the 1.36 Mev gam-
ma ray peak of Na24. The same is valuable for the .84 Mev peak
after 30 minutes waiting time, giving the determination of iron.
Indeed in Mixture I the reproducibility for the iron measure-
ment was within 6%. In Mixture II the A128 activity cannot
interfere after 30 minutes waiting time because of the complete
decay of Al28 at that time.
Mixture III: Each sample of these mixtures is composed
of the five elements including potassium with the following
proportions by weight:
24.8 mg of Mg
14.1 mg of Al
6.7 mg of K
56 mg of Si
97.1 mg of O,

The amount of iron oxide added is variable.

a) Measurement of Silicon: The determination of silicon

in this mixture was made after a 1 minute waiting time. Table
V shows the activity of Al128 as a function of different size

nmixtures.
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The reproducibility in this case is about 6% and the table
shows that the iron, even if present in a high amount, does not
affect the determination of silicon in this case. The silicon
has to be present in a submilligram quantity to have serious
interference from iron.

b) Measurement of Aluminum: The determination of alumi-
num in the presence of iron is difficult if the Mg27/Mn°® ac-
tivity is low because both isotopes emit radiations with the
same energy. To be sure of the Fe and Al determination, a very
precise decay curve has to be made in each case. When the alu-
minum concentration, however, is about 100 times less than the
iron concentration, the analysis of aluminum becomes difficult.
A method is keing developed in this laboratory, using computer
techniques, to calculate accurately the Al and Fe content in
a mixture of both components and this with a minimum number of
recounts in a minimum period of time.

c) Measurement of Iron: We have calculated from our ex-
perimental results that after 40 minutes waiting time, 16 mg
of Fe can still be detected in a simulated moon matrix. A high
excess of aluminum does not interfere because the waiting time

can be made longer, so that the Mg27 decays out.
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The determination of iron by the 1.81 Mev gamma peak is
feasible but the sensitivity is lower by a factor of . 10 than
by using the .84 Mev gamma peak.

Mixture IV: Each sample of these mixtures is composed of
the five elements including potassium with the following pro-
portions by weight:

15 mg of Al
7.3 mg of K
60.6 mg of Si
20 mg of Fe
95.6 mg of Oy
The amount of magnesium oxide added is variable.

a) Measurement of Silicon: The results from the determi-
nation of silicon by the Al128 activity are given in Table VI,

The reproducibility is within 11% so that one can conclude
that the difference in magnesium amounts do not change the anal-

ysis of silicon.

b) Measurement of Aluminum: The determination of the Mg27

+ Mn>6 activity from .84 Mev energy peak also is not affected
by the different amounts of magnesium. Table VII shows this
fact for samples counted after 13 minutes waiting time. The
first value seems to be too high, otherwise the reproducibility

ocbtained is about 10%.
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¢) Measurement of Magnesium: Eighteen mg of Mg can be
detected in this mixture by the 1,36 Mev gamma-ray peak of
Na24 after a 40-minute waiting time (see Figure S).

When 400 mg of Mg is present the Compton effect from the
1.36 Mev peak can interfere in the determination of the aluminum
and iron in the mixture. This much amount of Mg, however, could
not be added to the mixture because of the limited vial capa-
city. The study on the analysis of the magnesium on the 2.75
Mev gamma-energy peak could not be done for the same reason.

Conclusion: In a simulated moon matrix it was found that

all the five major components; namely, Fe, Mg, Al, Si, and 0Oy,
can be analyzed easily. Only the Mg content will riot be very
precise because of the rather low Na24 activity induced, but
no real interference is present. This is true when small sam-
ples (200 mg mixtures) are used. Using the moon probe Mg could
be easily determined because of the larger size of the semi-
infinite samples used in this preliminary measurement.

As long as the five major elements are present in the
percentage range and in different ratios as used in these ex-
periments, they can be analyzed for and no important inter-

ferences are observed. The only analysis that is sometimes
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difficult is that of aluminum when the ccntent is too high. The
oxygen was not measured because no interference due to the other

four elements is possible and the analysis is identical to that

which has been done previously.
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TABLE 1

Lowest Highest
Element Abundance (%) Abundance (%) Average (%)

0 4 48 26

Mg .2 22 il

si 15 35 25

Al .5 12 6.2

Fe 1.5 15 8.2
TABLE 1I

eeem—agt natwa—

1.78 Mev Photopeak Al Added Amount of

Counts/mg Of Si mg Mixture Used
1399 1.6 200 mg
1277 5.48 200 mg
1350 10.59 200 mg
1252 26.6 200 mg
1381 106.1 50 mg
1329 105.7 25 mg

Average = 1331
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TABLE III

e

.84 Mev Photopeak Counts Al Added

Corrected For Mg27 Activity mg
22717 1.6
2164 5.48
2300 26.6
2343 52.9
2451 105.7

Average = 2307

TABLE IV
.84 Mev Photopeak Mass Si Percent Dead Time
Counts/Minute Start End
8,706 186.78 60 34
8,163 93.4 44 24
8,792 46.8 28 16
9,546 23.5 22 12
10,459 4,7 16 10

11,069 2.7 9 6
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TABLE V

1.78 Mev Photopeak Mass Iron Amount Of

Counts/Min/mg Si (mg) Mixture Used
1492 50.9 200 mg
1645 199 200 mg
1619 351 200 mg
1580 418 100 mg
1581 350 100 mg
1602 50 100 mg

Average = 1586

TABLE VI
1.78 Mev Photopeak Mass Mg
Counts ~ Mg
130,252 6.0
125,072 18.1
117,924 30
105,230 60
110,731 244

Average = 117,841
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TABLE VII

_  ——  —_— ]

.84 Mev Photopeak Mass Of Magnesium

Counts ~ g
5847 6.05
5249 18.09
5015 30.05
4688 59.8
4436 244

Average = 5037
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Figure 1. Calibration Curve for the
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Using Mixture 1



II-19

5
3X1o | \ | ‘ B ] l | l ] ]
2X10° — |
o | _
'—-
2 — —
o)
O —_
O | —_
s ]
10— |
B MIXTURE 2 |
— Si VARIABLE
: CALIZBBRATIONngRVE FOR :
| Si (n,p)Al  REACTION _
o B__| | N T A
0 100 200 300 400 500 600
mgqg. of Si
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III. Detector Research - by Carroll F. Lam

Introduction: Further research is being conducted on

perfecting the pulse shape discrimination ci:cuitry for use
with the dual-crystal scintillation detector for Compton re-
duction described in the last report (Menon, 1964), and the
progress achieved so far is summarized in this report.

This work has been directed to two major areas: (1) opti-
mizing the relatively simple pulse shape discriminator des-
cribed in the previous report, and (2) investigating other
possible methods of pulse shape discrimination. The overall
research objective is to provide important Compton reduction
advantages for potential extra-terrestrial gamma-ray spectro-
metry.

Experimental System: Figure 1 shows the dual crystal de-
tector system. A 3" x 3" NaI(Tl) primary detector crystal is
surrounded on the side and top by a 5" x 5" CsI(T1l) secondary
crystal. A 5" photomultiplier tube is optically coupled to
the top of the CsI crystal to detect light pulses emanating
from both crystals.

The principle of operation is as follows: When a gamma

ray has a photoelectric interaction in the NaI crystal, the
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resulting fast rise light pulse is detected by the photomul-
tiplier through the CsI crystal; however, when a gamma ray
undergoes a Compton interaction in the Nal crystal and the
scattered gamma ray, with reduced energy, escapes from the
NaI crystal and interacts in the CsI crystal, the shape

of the photomultiplier output pulse is altered. The light
pulse from the interaction in the CsI crystal will add a
slow component to the light pulse produced in the Nal crystal
so that the voltage pulse produced by the photomultiplier
will have a slower rise and decay time than it would for a
NaI photoelectric interaction only.

A block diagram of the electronics system is shown in
Figure 2.

The discriminator circuit presently in use is shown in
Figure 3. It is similar to the circuit by Rethmeir et al
(Rethmeir et al, 1961) which was used to discriminate between
different types of radiation in a single crystal. A similar
circuit was used in a satellite-borne detector system by
Kraushaar (Kraushaar, 1962) at MIT. This circuit is supposed
to give a negative output pulse only when the fast-rise (NaI)

pulses occur.
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Results: Figure 4 illustrates typical voltage pulses
produced at the output of the photomultiplier preamplifier
by equal-energy photoelectric interactions in the NaIl and
CsI crystals. The upper curve, which is for a Nal photo-
electric event reaches its maximum value at about one micro-
second, while the lower curve, which is for a CsI photoelec~
tric event of the same energy as the upper curve, reaches
its maximum at about two microseconds. It can be seen that
the luminescent efficiency of the Csl crystal is about one-
third that of the Nal crystal.

Figure 5 illustrates typical results obtained with the
presently used discriminator circuit. The sample was a com-

bination of COGO

and Sbl25, The upper curve is without pulse
shape gating and the lower curve is with pulse shape gating.
It can be seen that the areas of the 0.427 and 0.6 Mev Sbl25
peaks have been enhanced. The 0.175 Mev Sbl25 peak is atten-
uated but not completely lost. The large peak on the left

of the upper curve are the twin photoelectric peaks of cob0
in the CsI crystal. It can be seen that two peaks are not
resolved by the CsI crystal. This lack of resolution has not

been fully investigated although it is strongly suspected that

it can be attributed to the unusual shape of the CsI crystal
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and the multiple reflections that light photons produced in
the lower portion of the crystal may undergo before reaching
the photomultiplier. However, this lact of resolution does
not seem to create any problems in the system since the essen-
tial characteristics of the CsI pulse shape are maintained.

Figure 5 also indicates that there is very little, if
any, reduction in the Compton continuum at the Compton edge.
The amount of Compton reduction, however, seems to increase
linearly with decrease in energy below the Compton edge.

The increase in Compton reduction as the energy decreases
below the Compton edge can be attributed to two effects. First,
at energies corresponding to the Compton edge, the Compton
scattered gamma ray is scattered at an angle of about 180°
with respect to the incoming gamma ray. With the sample/cry-
stal geometry used in this detector system, gamma rays scat-
tered at these angles will not pass through the CsI crystal.

Secondly, due to the large NaI/Csl energy ratios at the
Compton edge and the difference in luminescent efficiencies
of the two crsytals, the relative magnitudes of the light
pulses produced in the two crystals may be different by a
factor of 15. Because of this large difference in pulse

heights, the CsI component will have very little effect on
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the resultant photomultiplier pulse and the present pulse shape
discriminator circuit is not sensitive enough to recognize this
slow component and reject the pulse.

Conclusions: The detector in conjunction with the pre-

sently used discriminatory circuit is capable of reducing the
area of the Compton background by about a factor of two. This
appears to be about the limit of Compton reduction with the
presently used discriminator circuit.

An alternate method of pulse shape discrimination is pre-
sently being studied to offer possibilities of considerbly in-
creased Compton reductions. This method was elsewhere used
(Bass et al, 1964) to discriminate between different types of
particles in a single crystal.

In this method the pulses from the photomultiplier are
passed through a double delay line amplifier. This type of
amplifier produces a bipolar output pulse. It was found by
Bass that the zero cross~-over time of the output pulse was a
function of the rise time of the input pulse. Since particles
of different specific ionization densities produce pulses of
different risc time, in a Nal crystal, Bass was able to use

the difference in zero cross-over times to discriminate be-

tween the different interacting particles.
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It is believed that a similar approach can be used to pro-
vide better Compton reduction with the dual crystal detector.
Figure 6 shows a typical set of double delay line amplifier
output pulses from equal energy Nal and Csl intexactions. The
large pulse is the Nal photoelectric event and the smaller
pulse is the CsI photoelectric event. It can be seen that there
is about 0.2 microseconds difference in zero cross-over times.
The pulses that result from Compton interactions cross-—over
at times between those of the CsI and Nal photoelectric pulse
cross-over times, Bass was able to obtain cross—-over time re-
solutions of less than 10 nanoseconds.

A double delay line amplifier is on order and circuits are
being designed that can discriminate the different zero cross-

over points.
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IV. Preliminary Studies On The Possible Use Of Single Channel
Analvzers For The 14 Mev Neutron Activation Analysis Of
The Major Elements In Rock Samples - Pedro Jimenez and
Ileld E. Fite

Introduction: The utility of multichannel analyzers in
the scintillation spectrometry is widely recognized and they
are increasingly used in the activation analysis of various ma-
terials. However, in some selected cases of analysis, single-
channel analyzers may have the advantages of light weight, sim-
plicity, reduced cost, and less dead time to produce activation
analysis data on an irradiated sample. An important advan-
tage of a single channel analyzer is its low resolving time
which is about two microseconds per pulse. In a commonly used
multichannel analyzer, the dead time is governed by the cir=-

cuitry of the analog to digital converter and is a function of

the channel number into which a particular pulse is being stored.

If the matrix is such that, on activation, the major isotopes
produced have gamma-ray energies and/or half-lives widely dif-
ferent from one another, single channel analyzers may be better
substituted for multichannel analyzers. Single channel analy-
zers have been successfully used by other authors for specific

analyces (Wood and Roper, 1955, Van Wyk et al, 1965).

i‘
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The present application involves the analysis of rock sam-
ples for five major elements, 0,5, Mg, Al, Si and Fe all of which
give radionuclides upon activation with 14 Mev neutrons with dif-
ferent gamma-ray energies and half-lives (See Table I). It was
felt desirable to examine the possibility of using single channel
analyzers for the above analysis for possible extra-terrestrial
applications. This chapter summarizes the progress that has been

made toward this end.

Experimental Procedure: Figure 1 shows a block diagram of

the system used for this study. ‘The detection assembly consists
of two matched 3" X 3" NaI(Tl) s;intillation crystals. Output
pulses from the crystals are amplified by an amplifier common to
both the multichannel analyzer and the single channel analyzers.
The multichannel analyzer is calibrated to count gamma rays from
0 to 4 Mev in energy. The three single channel analyzers were
calibrated so that the windows are set at .84 Mev, 1.78 Mev and
2.75 Mev, respectively, corresponding to about 8 channels for
each peak. Data for a set of similar samples from the multi-
channel analyzer was used as a check on the relative counts ob-
tained from the single channel analyzers. Thus, it can be deter-

mined whether there is appreciable channel drift or background

addition to the counts from the single channel analyzers.
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In this experiment, the samples were activated for five
minutes and counted for two minutes after waiting times of 5,
17, 75 and 133 minutes.

Results and Discussions: Known samples of Mg, Al, Si and

Fe have been activated and counted to study this reliability of
single channel analyzers for measuring the respective activities
produced by 14 Mev neutrons.

To evaluate the reproducibility of the data, five repeti-
tive runs on a series of silicon samples were made. These data
are presented in Table II. These data show that analyses per-
formed with single channel analyzers are as precise as those
performed with a multichannel analyzer, at least when there is
only one major activity present in the irradiated sample.

For a matrix containing all four elements, one has to take
into consideration the following equations for the treatment of

the data:

B.gq (ty = 5 min) = Ang_27 + Ayp_s5e * BNa-24 (Compt.) *

AA1-28 (Compt.)‘ e e © o o e * o o .(1)

B gg (&, =17 min) =By, .+ Byp_56 + Bya24 (Compt.) *

AA1_28 (COIﬂpt.)' . ° . . . e ° - . - (;)
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A ggq (ty = 75 min) = Ayg 57 + Pyp_s6 + PNa-24 (Compt.)-- (3)

A.84 (tw = 133 min) = AMn-56 -+ ANa"24 (Compt.)° . . . . (4)

Ay 9g (ty = 5 min) = Bpy_5g + By se + Ana-24 (Compt.): (5)

Br1.78 (tw

17 min) = Apq_,g * Byp 56 + B (6)

Na-24 (Compt.)’

0

Ayn-56 * ANa-24 (Compt.)*® = ° * ° (7)

A1.78 (tw 75 min)

— L] .0“
T (t, = 133 min) Ay .. + Bya 54 (Compt.)® * ° * ° .(,;

By 75 (ty =5, 17, 75 & 133 min) = Agy oge « « « + + « «(9)

where A g4 is the total activity corresponding to the 0.84 Mev
peak, Aj 7g that due to the 1.78 Mev peak and Ay 75 is the acti-
vity due to 2.75 Mev peak. The problem of interference resulting
from other nuclear reactions on some of these elements (See Table
I) has not been taken into account in the above equations.
Careful measurements of the gamma spectrum of each element
will be made to evaluate the extent of the Compton continuum
and its reproducibiliﬁy. After evaluation of all factors in-
volved in this method, a group of standard rock samples will be

analyzed and the results compared with multichannel analysis
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results to ascertain whether or not the single channel analyzers

are practical for the analysis of the rock samples.
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Analysis of Rock Samples with Single
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V. Instrumental Activation Analysis of Meteorites, Siderolite
and Tektite Using 14 Mev Neutrons -« by M. P, Menon, Ph.D.

Introduction: There is a vast amount of data available in

literature concerning the elemental composition of stone meteor-
ites which are believed to represent the original solar matter

1, 1960). Chondritic meteor=-

(Urey and Craig, 1953; Ahrens et
ites were selected to measure the cosmic abuﬁaance of the ele-
ments because they were found to be reasonably uniform in their
composition at least with respect to the lithophile elements,
such as, Na, K, Si, Al, Mg and so on, and any deviation from
this uniformity observed in a chondrite is indicative of some
sort of fractionation. Most of the measurements on the abun-
dance of major elements in meteorites have, however, been made
using the so-called classical gravimetric procedures (Ahrens,
Loc. cit.) and the coefficient of variance among these results
seems to be larger than the usual systematic error. It has

also been reported that, based on the available data, the litho-
phile elements, Si and Mg, are significally fractionated in
chondritic meteorites (Ahrens, 1964) and there is an inverse re-
lationship between the concentrations of the two most abun-
dant constituents, Mg and Fe, in chondrites. Information re-

garding the abundance of some of these major elements and their
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ratios will help in learning more about the history and probably
the ofigin of these meteorites. Apart from the fact that 14 Mev
neutron activation analysis of meteorites may give more reliable
data on the cosmic abundances of some of these elements, it will
also help to optimize the conditions for the analysis of extra-
terrestrial samples which may be similar in composition to the
lunar surface material (Urey, 1959). Another motivation behind
the meteoritic study is the expectation that some recovered lu-
nar-surface material may be available in the future for a sys-
tematic laboratory analysis. it seems desirable to use only
instrumental techniques for the analysis of such a "precious'
sample so as to make it available to other laboratories for
interlaboratory comparison of the final results (Fisher and Curni,
1964). Reactor neutrons, with a high flux, may have to be em-
ployed to irradiate the sample for the determination of such trace
elements like Sc, Mn, Co and others. The meteorite, a represen-
tative of extra-terrestrial samples, may serve as a good speci-
men on which analytical techniques can be perfected. ;Not many
analyses have been done on siderolite and tektites using neu-
tron activation techniques; therfore, it was felt worthwhile to
attempt to measure the concéntration of the major elements using

similar techniques.
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Only preliminary results of the silicon measurement are in-
cluded in this report. A method for measuring the individual

56 broduced by the Fe56 (n,p)Mn56 reaction and

activities of Mn
MgZ7 produced by the A127(n,p)Mgz7 reaction both of which have
identical gamma~ray peaks is described below.

Experimental Procedures: The experimental set-up that was

used for the analysis was the same as was described in the pre-
vious report (Menon, 1964). The sample sizes used for the sili-
con measurement were all 500 mg. All these samples were acti-
vated for 1 minute and counted for the same period after a delay
of 1 minute and 3.3 minutes, respectively. A typical time de-
pendent gamma-spectrum of one of the samples is shown in Figure

1. The photopeak activity was computed by Covell's method (Covell,
1959), corrected for the neutron dose and compared with the acti-
vity of the silicon standard to measure the silicon content.

Two or three sets of samples with weights ranging from 1 g
to 2.5 g were activated with 14 Mev neutrons for five minutes to
determine the concentration of Al and Fe in them. Each of these
samples was counted five times with different waiting intervals
in-between so that the components, Mg27 and Mn5®, of the total
0.84 Mev photopeak activity may be resolved.

Typical time dependent gamma-spectra of a chondrite and a



V-4
siderolite sample resulting from fhe first and last count are
shown as Figure 2 and 3, respectively.

Results and Discussions: The results of the silicon anal-
yses are shown in Table I. It is hoped that the precision of
the analysis can be improved by repeating some of these measure-
ments taking counts at different waiting times and extrapolating
the activity to zero waiting time.

The method used in the past for measuring the Mg27 and Mn>56
activities individually was to count the activated sample twice,
one at a waiting time of about 10 minutes and the other at a
waiting time of about 130 minutes. The 0.84 Mev photopeak acti-
vity obtained from the second count (which is mostly due to Mn56)
is extrapolated back to the first waiting time and subtracted
from the activity from the first count to get the Mg27 activity.
The results from such measurements are based on one single count
for each element which is not as precise as possible. _ép al-
ternate method to save time for the analysis of a sample and
probably to get better precision in the measurement is to count
the activated sample at least 5 times within 30-40 minutes after
irradiation and determine the individual activities from a Billerxr.
plot (Biller, 1953). If Ar is the total activity due to Mn36 and

Mg27 at any time after the end of irradiation,
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Ap = Ai < e Mty Ag . e7hat

ooo.ooooo-.oo(l)

where Ai and Ag are the activities due to Mn® and M927 at the
end of irradiation and j; and ), are the respective decay con-

stants.

This equation may be rearranged as follows:

Ap » e"lt=A‘i+Ag cemA2AE L (@)
The plot of Aq - ellt against e~ (12-A1)t in a linear graph pa-
per will give a straight line the slope of which gives the value
for Ag and the intercept with the ordinate gives that for AJ.
Figure 4 shows two such Biller plots used to measure the Mg27 and
Mn36 activities in a chondrite and a siderolite sample. This has
both aluminum and iron present in it while the siderolite con-
tains no appreciable amount of aluminum.

The precise measurement of the aluminum and iron content of

the above samples will be made in the future using Biller plots.
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TABLE 1

Preliminary Results From 14 Mev Neutron Activation Analysis
Of Meteorites, Siderolite and Tektite For Silicon

Wt of Sample

Silicon Content

Mean Value (mg/g)

Sample Used (mg/qg) With
Standard Deviation
Chondrite 500 mg 185.0 223 + 28
Nebraska 500 mg 231.0
500 mg 224.0
500 mg 253.0
Chondrite 500 mg 171.8
Kansas 500 mg 212.0 191.0 + 20
500 mg 189.0 ‘
Siderolite 500 mg 157.0
Kansas 500 mg 154.0 151 + 12
500 mg 160.8
500 mg 133.4
Tektite 500 mg 430.0
Bohemia 500 mg 374.0 419 + 43
500 mg 414.0
500 mg 456.0
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